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Method for Depositing a Material on a Substrate Wafer 

[0001] This patent application claims the priority of German patent application 
102 50 915.8-33, the disclosure content of which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to a method for depositing a material on a substrate 
wafer, in particular a semiconductor material on an SiC-based substrate wafer. It is 
concerned in particular with a method in which the material to be deposited is 
temperature-sensitive. 

BACKGROUND OF THE INVENTION 

[0003] During epitaxy on SiC substrate wafers, the heating of the substrate wafer 
to the deposition temperature is principally effected by contact and heat convection. 
Since the substrate wafer usually bends during the heating process, the locations at 
which contact is kept with the heating source are heated to a greater extent than the 
locations which are no longer in contact with the heating source on account of the 
curvature. This leads to a non-uniform heating of the substrate wafer. Since the 
deposition of some materials, in particular semiconductor materials, is extremely 
temperature-sensitive, temperature inhomogeneities on the growth area lead to large 
variations in the properties of the deposited semiconductor material. By way of example, 
a temperature difference of 1°C during the epitaxy of AllnGaN suffices to cause 
considerable variations in the emission wavelength of the deposited AllnGaN. Such 
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wide variation of the emission wavelength of the semiconductor material then also 
impairs the uniformity and therefore the quality of the finished components. 
[0004] In contrast to this, it is possible to achieve a more uniform temperature on 
the growth area of the substrate wafer by heating using thermal radiation. In the case of 
an SiC substrate wafer, however, thermal radiation cannot be used because SiC is 
transparent in the entire spectral range above about 400 nm and is therefore unable to 
absorb radiation in this range. 

[0005] In order to improve the heat input into a substrate wafer during MBE 
(molecular beam epitaxy), it is known to apply metal layers on the rear side of the 
substrate wafer, which can absorb the thermal radiation better than the substrate wafer. 
This method leads to a narrower temperature distribution on the substrate wafer and 
thus to less variation in the emission wavelength of the deposited, temperature-sensitive 
semiconductor material. 

[0006] In MOVPE (metal organic vapour phase epitaxy), such a metal layer has 
not been used heretofore because an additional layer on the rear side of the substrate 
wafer possibly leads to contaminants in the reactive gas space. Therefore, at the 
present time there are no measures known for MOVPE which enable a uniform heating 
of the substrate wafer in particular of an SiC-based substrate wafer. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to specify a method of the type 
mentioned in the introduction which, during the deposition of a material, allows a 
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temperature distribution that is as narrow as possible on the growth area of a substrate 
wafer. 

[0008] This and other objects are attained in accordance with one aspect of the 
invention directed to a method for depositing a material on a substrate wafer having the 
following method steps. Providing a substrate wafer, which has a growth area intended 
for a later material deposition. Applying a thermal radiation absorption layer, which 
exhibits a good absorption of thermal radiation on the rear side of the substrate wafer, 
which faces away from the growth area. Heating the substrate wafer to the deposition 
temperature. Depositing a material onto the growth area of the substrate wafer by an 
MOVPE method. 

[0009] In a preferred embodiment, a material which, during the deposition, does 
not react with other materials present in the reactor is selected for the thermal radiation 
absorption layer. The coating material preferably exhibits inert behaviour during the 
deposition. Therefore, the coating material expediently has the following properties: 

[0010] • It does not react with the reactants or precursors of the material to be 

deposited, in particular not during the deposition, 
[001 1] • It does not react with a carrier medium which can be used during the 

deposition, e.g. with a carrier gas which is used during an MOVPE 

method, and/or 

[001 2] • It does not react with other compounds present in the reactor space, 

including the reactor space materials, during the deposition. 
[0013] A material which is chemically compatible with the process for the 

subsequent application of a contact and with the contact material itself is preferably 

used as the thermal radiation absorption layer. A contact is usually applied on the rear 
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side of the substrate wafer. Such a compatible coating material is understood to be, 
inter alia, a material having the following properties: 

[0014] • The coating material, during a later contact-connecting process, does not 
form compounds which prevent the process or make the process more 
difficult, and/or 

[001 5] • The coating material, during the contact-connection, does not form 

compounds which adversely affect the finished electrical contact, e.g. 
which increase the electrical resistance of the contact. 

[0016] In a further embodiment, the thermal radiation absorption layer features a 

semiconductor material. The deposition process of a thermal radiation absorption layer 
having semiconductor material is advantageously compatible with the rest of the 
method, i.e. the same apparatus can be used, and the deposition method and the rest 
of the method can be carried out under similar conditions. 

[0017] In a further embodiment, a thermal radiation absorption layer made of 
doped silicon is expediently used. Such a thermal radiation absorption layer preferably 
has a doping of at least 1 x 10 19 cm' 3 . 

[0018] If highly doped silicon is used as the absorption layer, this layer 
advantageously need not be removed. It is also possible to apply the contact 
metallization to the rear side of the substrate and then the absorption layer to said 
contact metallization. If the contact metallization and the absorption layer are chemically 
compatible, this procedure ensures a good contact independent of the choice of the 
material of the absorption layer. In this case, the absorption layer may remain on the 
rear side (as long as it is electrically conductive). 
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[0019] In a further preferred embodiment, a substrate wafer which essentially 
comprises SiC or an SiC-based material is used. This is understood to be a substrate 
wafer which essentially has the properties of SiC, in particular high transparency to 
thermal radiation. 

[0020] In a further embodiment, the material to be deposited comprises a 
semiconductor material, in particular a semiconductor having the composition 
AlxGayln^x-yN, where 0 < x+y <1,0<x<1,0<y<1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention is explained in more detail below using an exemplary 
embodiment in conjunction with Figures 1a to 1c. 

[0022] Figures 1a to 1c show diagrammatic sectional illustrations of some 
method steps of an exemplary embodiment of a method according to the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0023] Identical or effectively identical elements are provided with the same 
reference symbols in the Figures. The thickness of the layers, in particular, is not 
illustrated to scale in the Figures in order to provide a better understanding. 
[0024] Figure 1a shows a substrate wafer 1 having a growth area 4 and a rear 
side 5 lying opposite to the growth area 4. The substrate wafer 1 has the form of a slice, 
by way of example. Other forms are also conceivable. By way of example, the substrate 
wafer 1 is composed of SiC. 
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[0025] In Figure 1b, a thermal radiation absorption layer 2 is applied on the rear 
side 5 of the substrate wafer 1. By way of example, the thermal radiation absorption 
layer 2 is applied by sputtering. It may have a thickness of between 10 nm and 20 pm. 
In this example, the thermal radiation absorption layer 2 has a thickness of 20 nm and in 
this case is composed of a very highly doped (e.g. 1 x 10 19 /cm 3 ) silicon-based material. 
This layer is absorbent for the most part of the thermal radiation and thereby effects a 
homogeneous heating of the substrate wafer. The magnitude of the proportion of 
thermal radiation which is absorbed depends on the doping level of the silicon. In 
addition, a thermal radiation absorption layer 2 based on doped silicon forms only a low 
ohmic resistance for the contact that is to be applied later. 

[0026] Other semiconductor materials and also non-semiconducting but 
preferably non-metallic materials or a mixture thereof may also be used as the thermal 
radiation absorption layer 2. 

[0027] After the substrate wafer 1 has been heated to the deposition 
temperature, AllnGaN, for example, is deposited onto the growth area 4 of the substrate 
wafer 1 by an MOVPE method (see Figure 1c). Corresponding investigations by the 
inventors have shown that a doped Si layer in the MOVPE reaction space does not 
disadvantageous^ influence the deposition process. 

[0028] According to the invention, such a thermal radiation absorption layer 2 
may also be used when a MBE method, CVD method (chemical vapour deposition) or 
another known deposition method is carried out for depositing the material 3. A narrow 
temperature distribution on the substrate wafer 1, which is achieved through the use of 
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a thermal radiation absorption layer 2 on the rear side of the substrate wafer in 
conjunction with a radiation source, is not just restricted to an MOVPE method. Such a 
non-metallic and in particular semiconducting thermal radiation absorption layer 2 may 
also be used in other deposition methods in order to achieve better results through a 
more uniform heating and thus a narrower temperature distribution. 
[0029] Other semiconductor materials and non-semiconducting materials may 
also advantageously be deposited by the method according to the invention. This 
applies particularly to materials whose properties vary depending on the deposition 
temperature used. 

[0030] In investigations, the inventors have also ascertained that the conventional 
processes for the contact-connection of an SiC substrate wafer are compatible with a 
thermal radiation absorption layer made of doped silicon and can be used without 
special adaptation. 

[0031] If, (preferably highly doped) silicon is used as the absorption layer, this 
layer need not be removed. It is also possible to apply the contact metallization to the 
rear side of the substrate and then the absorption layer to said contact metallization. If 
the contact metallization and the absorption layer are chemically compatible, this 
procedure ensures a good contact independent of the choice of the material of the 
absorption layer. In this case, the absorption layer may remain on the rear side (as long 
as it is electrically conductive). 

[0032] The invention is not restricted by the description of the invention on the 
basis of the exemplary embodiments. Rather, the invention encompasses every new 
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feature and every combination of features, which, in particular, includes any 
combination of features in the patent claims even if this combination is not explicitly 
specified in the patent claims. 
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